Haematological profiles were measured: (1) before and for 5 h 30 min after 30 min sports (squash, swimming, jogging); and (2) 41.4(7.3) years continued in their normal daily routine for 24 h before the experiment but avoided strenuous exercise. Between 10.OOh and 11.OOh each man exercised for 30 min at a rate dose to the maximum that he could sustain for that duration, by playing squash (n = 4), jogging (n = 4) or swimming (n = 3). Blood samples taken by venepuncture at 0, 30, 60, 165, 270 and 360 min and at similar times during a normal working (control) day, were collected into K2EDTA (1 mg ml-). For statistical analysis subjects were assigned to one of three categories based on the amount of exercise taken during the 3 months preceding the study -four subjects played no sports and took no vigorous exercise whatsoever, three jogged or swam regularly for between 30 min and 1 h 30 min per week and four played sports (hockey, squash, cycling and jogging) or did circuit training for more than 2 h per week.
immediate leucocytosis which persists for as long as the effort is sustained'. However, it is less widely appreciated that a brief period of exercise can induce not only an immediate leucocytosis which subsides rapidly after the finish of exercise, but also a delayed prolonged leucocytosis which peaks some hours later. Evidence indicating the start of just such a delayed leucocytosis can be seen in several older studies2-7, but the phenomenon has generally attracted little attention and consequently is poorly characterized. Recently, in a brief communication elsewhere, we reported the time course of the delayed leucocytosis elicited by 30 min jogging, squash and swimming8. We now present full details of the changes in the peripheral blood indices seen in a slightly extended version of that study (study A), together with the results of cycle ergometer experiments to investigate the mechanisms and magnitude of the immediate and delayed leucocytosis induced by 30min exercise at known workloads (studies B, and B2)-
Subjects, materials and methods
Study A Details of the subjects studied and the protocol used have been described already8. Briefly, 11 healthy men, mean(s.d.) age 41.4 (7. 3) years continued in their normal daily routine for 24 h before the experiment but avoided strenuous exercise. Between 10.OOh and 11.OOh each man exercised for 30 min at a rate dose to the maximum that he could sustain for that duration, by playing squash (n = 4), jogging (n = 4) or swimming (n = 3). Blood samples taken by venepuncture at 0, 30, 60, 165, 270 and 360 min and at similar times during a normal working (control) day, were collected into K2EDTA (1 mg ml-). For statistical analysis subjects were assigned to one of three categories based on the amount of exercise taken during the 3 months preceding the study -four subjects played no sports and took no vigorous exercise whatsoever, three jogged or swam regularly for between 30 min and 1 h 30 min per week and four played sports (hockey, squash, cycling and jogging) or did circuit training for more than 2 h per week.
Study B,
Five healthy men participated in this study, two of whom had also participated in study A. Their physical characteristics (means(s.d.)) were age 42. 4(4.9) (1 mg ml-') for haematological determinations, the remainder (9 ml) was mixed with heparin (10 units ml-') and the plasma recovered by centrifuging.
Plasma for lactate and cortisol analysis was stored frozen at -20'C, but plasma for catecholamine analysis was first mixed (50:1 v/v) with aqueous glutathione (6%) and ethylenediamine tetra-acetic acid (EDTA) (9.5%) adjusted to pH 7 Paired t tests (two-tailed) with Bonferroni's correction were used to examine differences between variables on days with and without exercise (study A) and analysis of variance with Duncan's correction for multiple comparisons was used to compare values during and after exercise with those before exercise. Correlations between variables were sought using Pearson's linear regression (coefficient, r) and Spearman's non-parametric procedure (coefficient, p). All analyses were done using the 'number crunch' program on a personal computer. Significance was accepted at P<0.05. All subjects gave their informed consent for the studies.
Results

Study A
The results presented in Figure 1 show that the mean(s.e.m.) rise in the leucocyte count after 30 min exercise of 117(5)% (0 min value = 100%) was due to increases in both lymphocytes and neutrophils, whereas the delayed rise which peaked at 165min (156(14)%) was attributable solely to an increase in neutrophils. In some early experiments during study A, light microscopy of stained blood films suggested a 'left shift' might be occurring during delayed neutrophilia. Therefore, subsequent experiments were performed using the Technicon H-1 blood cell analyser, which provides a 'lobularity index' that is related to polymorph nuclear lobe complexity'5. Marked decreases in the lobularity index during delayed neutrophilia were noted in samples from only two persons (one each from studies A and B1, results not shown). Thus an increase in immature cells at this time seems to be a possible, but by no means inevitable, consequence of brief exercise. It should also perhaps be mentioned that the specificity and sensitivity of this parameter under clinical conditions has been questioned'6. Nevertheless, a moderate 'left shift' was also observed 2 h after a 10.5 km run'0.
Interindividual variation in the magnitude of immediate and delayed leucocytosis seen after sports (study A) was initially thought to be due to differences in the cumulative amount of work done rather than to the intensity of exercise. However, this variability was not markedly reduced when subjects exercised for the same time at 70% V02max (study B1).
The reasons for this are not known but may arise from intersubject differences in the production, elimination and effects of stress hormones such as the catecholamines and cortisol, even at identical relative workloads. If correct, one consequence of this might be that correlations between hormone concentrations and leucocyte numbers are more apparent within than between individuals.
The correlation observed between lymphocyte numbers and plasma adrenaline concentrations at the 17 end of exercise (study B1) has been noted before , but the correlations between leucocyte, neutrophil and lymphocyte numbers and plasma lactate, noradrenaline and adrenaline concentrations found in study B2 (Table 2) have not been reported previously, possibly because they are evident only at high relative workloads. These results provide support for the idea that either noradrenaline or adrenaline, or both, are involved in the immediate mobilization of leucocytes during exercise.
No contemporaneous correlation was found between plasma cortisol levels and leucocyte numbers, either during, or at the finish of 30 min exercise in studies B, or B2 which is in complete accordance with earlier reports'1 12. However, a strong correlation was found in both studies B, and B2 between plasma cortisol levels at the end of 30 min exercise and the magnitude of the delayed neutrophilia at 180 min. It might therefore be argued that a cortisol-mediated mechanism is involved in the delayed but not in the immediate leucocytosis resulting from brief vigorous exercise. It should be noted, however, that these results contradict directly those of Hansen et al.10 who found no such correlation, but who reported instead a correlation between cortisol levels and the magnitude of the delayed lymphopenia after brief exercise. The reasons for this discrepancy are not obvious but the relative magnitude of the changes which we observed in cortisol concentrations (up to threefold) was much greater than that reported by those authors.
The biological advantages (if any) of increasing the leucocyte count, either during or after exercise, are not yet understood. However, in terms of its magnitude and duration, delayed leucocytosis seems to be the more important phenomenon and worthy of further investigation. In this respect, our studies have shown that the relative workload and its duration can both affect the response. These results also show that, when investigating the immediate effects of exercise on leucocyte numbers, it is important to study subjects who have refrained from exercise for at least 24h to avoid the consequences of a delayed leucocytosis elicited by a previous bout of exercise.
In summary, our results are consistent with, and support, the contention that the immediate leucocytosis and the delayed neutrophilia induced by brief (less than 1 h) exercise are due to mechanisms involving increases in the plasma concentrations of catecholamines and cortisol respectively'4. 
